The tumor microenvironment is host to a complex network of cytokines that contribute to shaping the intratumoral immune reaction. Chromosomal gains and losses, coupled with expression analysis, of 59 cytokines and receptors and their functional networks were investigated in colorectal cancers. Changes in local expression for 13 cytokines were shown. Metastatic patients exhibited an increased frequency of deletions of cytokines from chromosome 4. Interleukin 15 (IL15) deletion corresponded with decreased IL15 expression, a higher risk of tumor recurrence, and reduced patient survival. Decreased IL15 expression affected the local proliferation of B and T lymphocytes. Patients with proliferating B and T cells at the invasive margin and within the tumor center had significantly prolonged disease-free survival. These results delineate chromosomal instability as a mechanism of modulating local cytokine expression in human tumors and underline the major role of IL15. Our data provide further mechanisms resulting in changes of specific immune cell densities within the tumor, and the importance of local active lymphocyte proliferation for patient survival.
INTRODUCTION
Global analysis of colorectal cancers (CRCs) has revealed the importance of adaptive immune cells for cancer patient survival. In particular, the nature, functional orientation, density, and location of immune cells within the tumor microenvironment were essential parameters, with a prognostic value superior to the tumor-node-metastasis (TNM) classification (1) (2) (3) . Within the tumor microenvironment, the complex crosstalk between the tumor cells and the immune infiltrates involves cytokines (4), which are secreted or membrane-bound proteins involved in the recruitment of leukocytes from circulation to local inflammatory sites (5) , and regulation of growth, differentiation, and activation of immune cells (6) . They allow the maintenance of a stable equilibrium in the mature hematopoietic compartment (7) , facilitate the recognition of tumor cells by the immune system (8) , and inhibit tumor development and progression. Within tumor masses, T cell activation and differentiation were recently demonstrated (9) . The mixture of cytokines produced in the tumor microenvironment may influence the immune infiltrates and thus contribute to sculpting the immune reaction of the host (10) . On the other hand, host-derived cytokines could promote growth, attenuate apoptosis, and facilitate invasion and metastasis of tumor cells (6, 11) . Through their cytokine production, tumors could manipulate the local microenvironment to escape immune surveillance (12) .
An immunoscore, based on the enumeration of cytotoxic and memory T cells, both in the center and in the invasive margin of tumors, was previously described (13) (14) (15) and was shown to be a very powerful marker to predict patient outcome at all cancer stages (1) (2) (3) . For instance, CRC patients with a strong immune reaction (I4) have a mean survival of more than 15 years, those with an intermediate immune reaction (I2) have a mean survival of about 5 years, and patients with a low immune reaction (I0) will survive less than 2 years (2). Given these major differences, it is essential to understand the mechanisms associated with high or low densities of intratumor adaptive immune cells.
We previously showed a strong correlation between interferon-g (IFNG), a cytokine critical for tumor control, and T helper 1 (T H 1)-associated genes, with beneficial effect on the outcome of CRC patients (1, 16) . In contrast, interleukin 8 (IL8), IL10, TGFB1, and other inflammatory and immunosuppressive genes showed no correlation with tumor recurrence. During the development and progression of cancer, genomic alterations (copy number variation) occur, which are likely to include genes favoring neoplastic progression (17) . In particular, these alterations could affect cytokine family genes and subsequently modulate the local global cytokine expression.
Here, we studied cytokine and cytokine receptor copy number variations in a large cohort of CRCs to delineate mechanisms associated with cytokine expression. Our comprehensive analysis determined whether alterations of cytokine function contribute to tumor progression and how cytokines are shaping the intratumoral immune reaction.
(ILR), transforming growth factor (TGF) superfamily, and tumor necrosis factor (TNF) superfamily (table S1). Many cytokine genes are placed in chromosomes 1, 5, and 9, and none is located in chromosomes 13, 14, 15, 17, 18, and 20 . The genomic organization of cytokines revealed clusters of genes belonging to the same family, as previously described (18) (19) (20) (21) . Aberrations affecting an extended genomic region could therefore affect the entire cytokine clusters. The genomic profile of 109 CRC tumors (cohort 1) was investigated by array comparative genomic hybridization (aCGH). The frequency and the amplitude in the cohort of the genomic alterations were used to calculate the amplification and deletion scores. Gains on chromosomes 7, 8q, 13q, and 20 and losses on chromosomes 4, 8p, 14q, 15q, 17p, 18, 20p, and 22q, previously known to be associated with CRC, were identified ( Fig. 1A) (22) (23) (24) .
Each cytokine presented both losses and gains in different patients, but the frequency of those alterations within the cohort was low. Most patients did not have alterations of cytokine genes. The aberration profile was similar in different cytokine families (Fig. 1B and table  S2 ). Patients without genomic alterations represented more than 75% of the cohort for each cytokine family. More than 10% of the patients presented a gain in TNF, IFN, IL, and TGF families. In contrast, TNF was the only family deleted in more than 10% of the cohort. The aberration profiles also reflected the chromosomal localization of cytokines. For example, members of the IL family were located on multiple chromosomes, and the frequency of their aberrations differed. ILs placed in chromosomes 1, 2, 5, 6, 7, 8, 11, 12, 16 , and 19 had a higher frequency of gain than of loss. In contrast, ILs located on chromosomes 4 were mostly deleted. The amplitude of the cytokine aberrations varied in the cohort. The highest level of gain and loss (log ratio >0.5) was found for IL29 and IL15, respectively. The highest frequency of gain and loss, respectively, was shown by IL6 and IL28RA (Fig. 1B) . These cytokines were located at 7p21 and 1p36.11, regions known to harbor aberrations in many cancer types (22, 25) . Besides chromosome 7, the most frequent (>15% of the cohort) locations of amplified cytokines were in chromosomes 12, 16, and 19. Frequently deleted cytokines were located in chromosomes 1, 4, and 22. The magnitude of the cytokine aberrations also varied in the cohort. The highest level of gain and loss (log ratio >0.5) was found for IL29 and IL15, respectively. An overview of the chromosomal location of the cytokines and their corresponding frequencies of gain/loss is illustrated in Fig. 1C .
Genomic alterations of cytokines and tumor progression
To facilitate exploratory analyses of large-scale data, we developed CluePedia (26), a ClueGO/Cytoscape plug-in (27) (28) (29) (30) (31) (32) (33) . CluePedia integrates experimental and in silico data and was used to summarize the biological role of cytokine genes, as revealed by Gene Ontology (GO), KEGG, and Reactome. Figure 1D shows GO terms and pathways functionally grouped and their associated cytokine genes. The 59 cytokines and cytokine receptors investigated were involved in cytokine-cytokine receptor interactions, the JAK-STAT signaling pathway, hemopoietic or lymphoid organ development, cellular response to cytokine stimulus, regulation of response to stress, and regulation of cell proliferation.
At the tumor site, in addition to their role as chemoattractant, inhibitor, or activator of leukocytes, cytokines can also act as potential regulators of cancer cell transformation, growth, angiogenesis, and metastasis. We therefore investigated the relationship between cytokine gene copy number variation and the pathological progression or clinical stage of CRC. We found a similar profile of genomic aberrations in tumor stages T1, T2, T3, and T4 (Fig. 1E) . Patients without lymph node metastasis (N0) had significantly more amplification of IL29, IL12RB1, TGFB1,  TNFRSF1B, IFNAR1, IFNAR2 , and IL10RB than those with lymph node invasion (N1). Patients without distant metastases (M0) had significantly more IL23A amplifications compared with metastatic patients (M1). T and M stages were not significantly associated with an overrepresentational gain of any cytokine gene. In contrast, M1 patients displayed significantly more deletion of ILs: IL2, IL8, IL15, and IL21 (Fig. 1F  and table S3) . Cytokines with an overrepresentation of gains and losses in N and M stages are marked on the network (Fig. 1D) . Thus, no differences in genomic alterations of cytokines were associated with T stage, whereas patients with distant metastases had higher frequency of cytokine deletions.
Genomic alterations, cytokine expression, and clinical implications
The expression pattern of cytokines within CRCs was investigated using quantitative real-time polymerase chain reaction (PCR) (qPCR) in the 109 CRC tumors (Fig. 2) . The genomic alterations occurring in tumor cells could provoke changes in local cytokine expression. To evaluate this hypothesis, we compared the expression of cytokines between patients harboring gain or loss and patients without copy number variations. We found 13 cytokines and receptors with significantly different expression in patients with aberrations (Fig. 2, A and B, and table S4). Nine cytokines and receptors, including members of the IFN family (IFNA1, IFNA2, IFNA6, IFNAR1, IFNAR2, and IFNGR2) as well as IL2, IL21, and TGFBR1, showed significantly higher expression in patients having gain. Genomic deletions were associated with significantly lower expression of IFNAR1, IL10RB, IL9, and IL15. Examples of cytokine expression level in patients with gain and loss compared to those without aberrations are shown in Fig. 2C .
Next, we examined the relationship between cytokine genomic aberration and risk to relapse as a clinical outcome. We stratified patients into groups on the basis of their genomic profile (gain, loss, or no aberration). Log-rank analysis, comparing patients with and without genomic alterations, revealed four cytokines conferring a significantly different risk to relapse when deleted ( Fig. 2B and table S4 ). None of the cytokine gains had an impact on relapse risk. However, patients with deletion of IL15, IL2, and IL21 showed a higher risk to relapse compared to those without deletion. In contrast, patients with IL12RB1 deletion had a lower risk to relapse. Among these four cytokines, only IL15 showed a concordant significantly lower expression in the deleted group. Figure 2A shows the t test and log-rank significant cytokines and their functions: the regulation of metabolic process, of the response to stimulus, of the multicellular organismal process, and of the response to other organism, signal transduction, and leukocyte activation. The network was enriched with the chromosomal location and genomic alteration data.
IL15 at the tumor microenvironment: Interactions and in situ impact on immune cell proliferation Within the tumor microenvironment, both infiltrating immune cells and tumor cells could be involved in cytokine production. Using publicly available data from the immunome compendium (34), we investigated which immune subpopulations are producing IL15 ( fig. S1 ). Activated dendritic cells and macrophages as well as B cells produced high levels of IL15. One of the IL15 receptors, IL15RA, was expressed on the same cells as IL15. The other receptor, IL2RB, was expressed on cells with cytotoxic properties IL12B   IL9   IL23R   IL8   TGFBR1   CSF2   IL3  IL2   IL10  CSF1  IL27   N0   IL24  IFNAR2   IL10RB   IL29   TGFB1   CXCR2   IL12A   IL12RB2  IL18   IFNAR1   IL7   IL4   IL7R   TGFBR2   IL2RA   IFNA5   IL21R   IFNA17   IFNA1   IFNA6   IL12RB1   IFNGR2   IFNGR1   TNFRSF1A IL13   IL28RA   M1   IL23A   IL21   M0   IL15   IL4R   IL17RA   IFNA8   IL1R1   IL17RB   CXCR1   IL1A   IL1B   IL31RA   TNF   IL6   IFNG   IL17A   IFNA2   TNFRSF1B   IL15RA [CD8 T cells, T follicular helper cells, gd T cells, and natural killer (NK) cells] and on T central and effector memory cells and T H 1 and T H 2 subsets. Analysis of 176 cell lines (35, 36) showed that IL15 is expressed by tumors from all the nine cancer types investigated.
IL15 production within the tumor microenvironment was analyzed immunohistochemically in patients with or without IL15 deletion (Fig. 3A) . The intensity of IL15 was significantly lower in patients with IL15 deletion (Fig. 3B) . Patients with IL15 deletion had a significantly higher risk to relapse compared to those without aberrations (Fig. 3C) . We further demonstrated that IL15 is produced by tumor cells, as illustrated by in situ hybridization (Fig. 3D) , IL15, AE1AE3, and CD3 enzymatic double-stain combinations (Fig. 3E) , and immunofluorescence triple staining (Fig. 3F) .
The role of IL15 was investigated using CluePedia. Functional terms were integrated into a network with in silico information and expression data from 105 CRC tumors (cohort 2) (Fig. 3G) . The top 10 genes known to interact with IL15 are cytokines and cytokine receptors: IL2, IL4, IL7, IL21, IL2RA, IL2RB, IL2RG, IL15RA, IFNG, and TNF. In contrast, CluePedia revealed that within the tumor microenvironment, IL15 expression correlates mostly with GZMA, HLA-E, GBP2, GBP4, KIAA0907, RAB8B, SAMDL9, SP100, SNX10, and TNFSF13B. Furthermore, as revealed by the network, IL15 expression could be modulated by 3′ untranslated region (UTR)-binding microRNAs (miRNAs): miR-130, miR-130b, miR-140-5p, miR-144, miR-148a, miR-148b, miR-152, miR-450b-5p, miR-891b, and miR-922. Finally, functional analysis showed that IL15 is involved in extrathymic T cell selection, IL17 production, positive regulation of proliferation and differentiation of NK cells, as well as proliferation of NK and T cells. The hypothesis that IL15 is involved in the T cell proliferation was further experimentally validated by quantifying the proliferating T (CD3 + Ki67 + ) cells in CRC tumors (Fig. 3H) . Patients with deletion of IL15 had a significantly lower density of proliferating T cells in the invasive margin compared to those without IL15 deletion. A similar trend was observed in the tumor center. There was no difference in the T cell proliferation measured in the lymphoid islets in tumors with or without IL15 deletion. The densities of tumor-infiltrating immune cells vary considerably from patient to patient, as illustrated for CD3 + cells in Fig. 4 (A and B) . Increased densities of T cells could be a reflection of an increased capacity of these cells to proliferate, potentially influenced by local cytokine production. We investigated this hypothesis by analyzing the density of adaptive and innate immune cell markers in groups of patients with different levels of IL15 expression. Patients with high IL15 expression had a significant increased density of T, cytotoxic T, activated T/NK, T H 1, and memory T cells compared to those with low IL15 expression (Fig. 4C ). In contrast, no difference was observed in the neutrophil, mast cell, T H 17, and NKp46 infiltrates. Additionally, patients with high IL15 expression showed a significant increased expression of effector T cell markers (GZMA, GZMH, and GZMK), cytotoxic molecules (PRF1 and GNLY), and T H 1 genes (IFNG) (Fig. 4D) . Concordantly, high level of IL15 expression was associated with a significantly lower risk to relapse compared to patients with low IL15 (Fig. 4E) . To demonstrate the importance of IL15 expression in the general population of CRC patients, we excluded patients with IL15 deletion. Similar results were obtained (Fig. 4F) .
FACS analysis of the proliferation status of CD3 + cells, isolated from fresh CRC tumor tissue, was performed under different conditions and illustrated as the number of proliferation cycles or the percentage of T cell proliferation (Fig. 3G) . The number of proliferating T cells (CFSE showing the number of t-test and log-rank test significant genes among the 57 cytokines. Thirteen t-test significant cytokines with gain (red) and/or loss (green) and their expression level increase/decrease compared to patients without aberrations are shown on the left and right, respectively. IFNAR1 is t-test significant amplified and deleted. IL15 deletion is log-rank and t-test significant. (C) Histograms representing the mean gene expression for IL21, IFNAR1, and IL15 (relative to patients without aberrations) ± SEM. Gain, loss, and no aberration patient groups are shown in red, green, and white, respectively. Significantly different expression is marked by "*."
that intratumor T cells can be activated through T cell receptor stimulation. Five-day incubation with IL15 alone also induced the proliferation of intratumor T cells ex vivo. An augmented effect on the number of cycles of T cell proliferation, and thus the T cell proliferation percentage, was observed when IL15 was combined with CD3/CD28 stimulation.
IL15 expression level and immune cell proliferation in CRCs
We further investigated the impact of IL15 on immune infiltrates from CRC tumors in situ (cohort 3). IL15 has demonstrated chemotactic activity toward CD4 and CD8 T cells (37) and has been shown to induce T and B cell proliferation (38) . We hypothesized that IL15 expression level within CRC tumors could influence the proliferation of locally infiltrat- (Fig. 5A) . Patients with high levels of IL15 in lymphoid islets (Fig. 5B ) and in the invasive margin (Fig. 5C) showed a significantly higher density of proliferating T cells compared to those with low levels of IL15, and increased proliferating T cells were also found in the tumor center (Fig.  5D ) in patients with high IL15 expression. Similarly, a significantly higher density of proliferating B cells was found in the invasive margin of patients with high levels of IL15 (Fig. 5C) , and an increased density of proliferating B cells was observed in the lymphoid islets and tumor center (Fig. 5, B and D) . These results indicated that a decreased IL15 expression in CRC tumors might affect the proliferation status of B and T lymphocytes. Subsequently, we stratified the patients into two groups according to their B and T cell proliferation status (high or low) using an unsupervised hierarchical clustering method. Log-rank analysis showed that patients with high densities of proliferating T and B cells in the lymphoid islets had a lower risk of relapse compared to those with low density; however, the difference in disease-free survival (DFS) was not significant (Fig. 5E ). Patients with a low density of proliferative T and B cells in the tumor center and invasive margin had a significantly higher risk to relapse compared to those with high density of these cells (Fig. 5F ). These results underline the importance of the presence and localization of proliferative T and B cells within the tumor microenvironment.
DISCUSSION
Given the major importance of the local immune reaction at the tumor site (1-3, 39) and of the immune contexture (40, 41) , it is critical to understand mechanisms resulting in high or low densities of specific immune cells within the tumor. We previously demonstrated that the local presence of specific chemokines and adhesion molecules is associated with high or low densities of specific immune cells at the tumor site (42), suggesting that lymphocyte attraction and adhesion are critical processes. In addition to those mechanisms, genomic alterations that occur in neoplastic cells during tumor development and progression could influence the tumor microenvironment. This study presents a comprehensive analysis of cytokines, important players in the tumorimmune infiltrate crosstalk, in a large cohort of CRC tumors. The combination of large-scale data analysis with a systems biology approaches facilitated an in-depth exploration into the impact of genomic alterations in different cytokine families.
We showed that cytokine genes located in close proximity on chromosomes share similar genomic alterations. Aberrations affecting an extended genomic region could therefore affect the entire cytokine clusters with important functional consequences. Although the vast majority of CRC patients did not show gains or losses of cytokine genes, subgroups of patients with particular cytokine gene aberrations could be defined. There is a complex relationship between the DNA content and the perturbation of gene expression Statistical analyses were performed with the WilcoxonMann-Whitney method (***P < 0.005, **0.005 > P < 0.01, *0.01 > P < 0.05). (D) Immune marker expression levels were measured by qPCR in groups of patients with low (white), median (gray), and high (black) IL15 expression. Histograms represent the mean expression level ± SEM of effector T cell, cytotoxic, and T H 1 genes. Statistical analyses were performed with the Wilcoxon-MannWhitney method (***P < 0.005, **0.005 > P < 0.01, *0.01 > P < 0.05). (E and F) Kaplan-Meier curves for DFS for patients with high (red), medium (green), and low (black) L15 expression. (F) Patients having chromosomal deletion of IL15 were excluded from this analysis. ***P < 0.005, **0.005 > P < 0.01, *0.01 > P < 0.05, log-rank test. (G) Representative fluorescence-activated cell sorting (FACS) plots illustrating the T cell proliferation under different stimulation conditions. One-way analysis of variance (ANOVA) followed by Tukey's multiple comparison test was applied (***P < 0.005, **0.005 > P < 0.01, *0.01 > P < 0.05). (24, 43) . IL6, an inflammatory cytokine previously reported to be upregulated in serum and tumor samples of humans and mice suffering from breast, prostate, lung, liver, and colon cancer (44) (45) (46) , was amplified in 40% of the CRC patients, but its expression level was similar in patients with or without gain. Those patient groups also had comparable DFS. Different mechanisms could be involved in the regulation of cytokine expression, and other cells besides immune cells could produce such cytokines. Similar results were obtained for IL28RA, the most frequently deleted cytokine receptor. The lack of correlation between the expression of a gene and the genomic alterations of the region where the gene resides could involve other gene expression regulation mechanisms, including mutation, methylation, and miRNA expression.
Multiple genetic events accumulate during tumor progression (47); however, we found a similar profile of cytokine aberrations in tumor stages T1, T2, T3, and T4 (Fig. 1E) . In contrast, an overrepresentation of IL2, IL8, IL15, and IL21 deletions was seen in metastatic patients, indicating that those ILs may be involved in protective, antitumoral immune mechanisms. We investigated changes of cytokine expression in groups of patients with aberrations and their impact on survival. Patients with amplification displayed higher expression in genes located in chromosomes 4q26-27, 9p22, and 21q22, regions reported to be associated with ovarian cancer development and overall survival (48, 49) and pancreatic cancer susceptibility (50) . Within those regions, clusters of IFN genes showed increased expression in amplified patients but without impact on CRC patient survival.
Other cytokines from 4q26-27, IL21 and IL2, showed higher expression in three amplified patients. However, the incidence of IL21 and IL2 deletion in the cohort was higher than the amplification and had a negative impact on patient survival. In CRC, the deletion of 4q26 has been reported to occur preferentially in microsatellite-stable patients (51) . IFNAR1 was the only cytokine for which both gain and loss were reflected in significant differences in gene expression level compared to patients without aberrations. Located close on 21q22, IL10RB also showed a significantly lower expression in deleted patients, similarly to IL9 at 5q31.1 and IL15 from 4q31. These deletions had no impact on the survival of patients. In contrast, besides IL2 and IL21, patients with deletions of IL12RB1 and IL15 had a significantly different risk to relapse compared to those without aberrations. Broad deletions of chromosome 4 (4p) have been previously shown to be associated with survival in CRC patients. No oncogene or tumor suppressor gene was located in this region (23) , although FBXW7 from 4p has been described as a tumor suppressor gene implicated in the control of chromosome stability (52, 53) .
IL15 was the only cytokine with a significant impact on survival and displayed concordant copy number variation and gene expression level. This underlines the major role of IL15 in human cancer. Patients with deletion at the IL15 locus showed low expression of IL15 and had a higher risk of relapse compared to those without aberrations. The ex vivo proliferation status of T cells alludes to the possibility that increases in IL15 within the tumor microenvironment could result in a local increase in T cell proliferation. Subsequently, IL15-deleted patients had a lower density of proliferating immune cells within the tumor (fig. S2 ). These results are concordant with the ability of IL15 to activate important mechanisms of antitumor immunity (54) , including development and activity of T and NK cells and promoting a persistent immune response through its action on memory T cells (38) . Among all cytokine and cytokine receptor family members, deletion of IL15 at the genomic level in CRC may be one of the main mechanisms explaining decreased proliferation of T and B cells within the tumor, in particular in lymphoid islets and at the invasive margin. Thus, IL15 expression changes the intratumoral immune contexture (40, 41) and Immunoscore (15, 55) in CRC. Among all means of escape, deletion of IL15 may be one of the major immune mechanisms associated with decreased T and B cells in human CRC.
IL15 participates in the development of important immune antitumor mechanisms, and it has therefore a great potential to be used in tumor immunotherapy (7) . The results reported here shed a new light on the role of cytokines in CRC, show the clinical significance of cytokine levels in cancer, and demonstrate the importance of active intratumoral lymphocyte proliferation for the survival of the patients. Our findings represent major progress toward improving cancer patient prognosis using IL15 biomarker, and the potential of IL15 as target for immunotherapeutic treatment of cancer.
MATERIALS AND METHODS

Study design
The tissue sample material was collected at the Laennec-HEGP Hospitals (Hôpital Européen Georges Pompidou). A secure Web-based database, TME.db, was built for the management of the patient data. Ethical, legal, and social implications were approved by the ethical review board. The clinical characteristics of the cohorts used are described in table S5. No significant difference (Fisher's exact test) between cohorts was observed. The observation time in the cohorts was the interval between diagnosis and last contact (death or last follow-up). Data were censored at the last follow-up for patients without relapse or death. Time to recurrence or disease-free time was defined as the interval from the date of surgery to confirmed tumor relapse date for relapsed patients, and from the date of surgery to the date of last follow-up for disease-free patients.
Statistical analysis
The t test and the Wilcoxon-Mann-Whitney test were the parametric and nonparametric tests used to identify markers with a significantly different expression among patient groups. Kaplan-Meier curves were used to visualize survival differences. Significant difference of DFS among patient groups was calculated with the log-rank test. P values were corrected with the method proposed by Altman et al. We used a multivariate Cox proportional hazards model to determine hazard ratios. All tests were two-sided, and P < 0.05 was considered statistically significant. All analyses were performed with TME.db (56) and R statistical software (survival package).
Array CGH Samples were homogenized (ceramic beads and FastPrep-24, MP Biomedicals) in lysis buffer [1 M tris, 0.5 M EDTA (pH 8), 20% SDS, proteinase K] and incubated overnight at 37°C. Genomic DNA was extracted by phenol-chloroform extraction and ethanol precipitation. Genomic DNA was resuspended in highly pure water. Concentrations were evaluated by optical density measurement. Samples were labeled with a BioPrime Array CGH Genomic Labeling Kit according to the manufacturer's instructions (Invitrogen). Test DNA and reference DNA (500 ng) (Promega) were differentially labeled with deoxycytidine triphosphate (dCTP)-Cy5 and dCTP-Cy3, respectively (GE Healthcare). aCGH was carried out with a whole-genome oligonucleotide microarray platform (Human Genome CGH 44B Microarray Kit, Agilent Technologies). Slides were scanned with a microarray scanner (G2505B), and images were analyzed with CGH Analytics software 3.4.40 (both from Agilent Technologies). Along the chromosomes, the frequency in the cohort and the mean amplitude of the gain of each gene were used to calculate an amplification score (score = frequency × amplitude). In the same way, a deletion score was calculated.
RNA extraction
Tissue samples were snap-frozen within 15 min after surgery and stored in liquid nitrogen. From this material, 153 frozen tumor specimens were randomly selected for RNA extraction. The total RNA was isolated by homogenization with the RNeasy isolation kit (Qiagen). A bioanalyzer (Agilent Technologies) was used to evaluate the integrity and the quantity of the RNA.
Low-density array real-time TaqMan qPCR analysis Fifty-nine cytokines and seven T cell effector markers were tested with real-time TaqMan analysis. The quantitative reverse transcription PCR experiments were all performed according to the manufacturer's instructions (Applied Biosystems). The quantitative real-time TaqMan qPCR analysis was performed with low-density arrays and the 7900 Robotic Real-Time PCR System (Applied Biosystems). As internal control, 18S ribosomal RNA primers and probes were used. The data were analyzed with the SDS software v2.2 (Applied Biosystems) and TME.db statistical module.
Affymetrix gene chip analysis From this RNA, 105 Affymetrix gene chips were done with the HG-U133A GeneChip 3′ IVT Express Kit. The raw data were normalized with the GCRMA algorithm. Finally, the log 2 intensities of the gene expression data were used for further analysis.
Immunohistochemistry Formalin-fixed, paraffin-embedded (FFPE) CRC sections (4 mm) from tumors with and without IL15 deletion were assessed immunohistochemically. After antigen retrieval (tris-EDTA, pH 9), quenching of endogenous peroxidase activity was achieved with 3% H 2 O 2 . Sections were treated with serum-free protein block (Dako) before a 60-min incubation with mouse anti-human IL15 (Abcam, 3 mg/ml) or corresponding isotype controls and counterstained with hematoxylin. Double enzymatic or triple fluorescence staining of IL15 was achieved with mouse anti-human cytokeratin (AE1AE3, Dako, 2.16 mg/ml) and polyclonal rabbit anti-human CD3 (Dako, 7.5 mg/ml). Enzymatic revelation was achieved with red AEC Peroxidase Substrate Kit, blue Alkaline Phosphatase Substrate Kit III (Vector Laboratories), and brown DAB Chromogen System (Dako). Fluorescent slides were visualized with anti-mouse FITC (Sigma-Aldrich), anti-rabbit AF647, and streptavidinCy3 (Jackson ImmunoResearch) and mounted with DAPI-containing ProLong medium (Invitrogen). Slides were viewed on a Zeiss Axiovert 200 M microscope, and images were captured with an AxioCam MRm camera (×16).
In situ hybridization
Consecutive 5-mm CRC sections were prepared and dewaxed under ribonuclease-free conditions. After antigen retrieval, tissue was digested with protease at 40°C for 20 min. In situ hybridizations were performed with target-specific probes (QuantiGene, ViewRNA ISH Tissue 2-Plex Assay, Affymetrix). Slides were dried and mounted with Vectashield mounting medium H1000 (Vector Laboratories) and observed under fluorescence with a Leica DMRB microscope (×20).
Ex vivo immune cell proliferation by flow cytometry Ex vivo proliferation was measured with carboxyfluorescein diacetate succinimidyl ester (CFSE) dilution and flow cytometry. After mechanical dispersion, cells from fresh tumor sample were washed and labeled with CFSE (Molecular Probes) at a final concentration of 5 mM for 10 min. Washed, counted, and viable cells were seeded in triplicate in 96-well flat-bottomed plates at a concentration of 4 × 10 5 cells per well. Cells were incubated in plates precoated with CD3 (5 mg/ml) and CD28 antibodies (1 mg/ml). Cells were cultured for 3 or 5 days ± recombinant human IL15 (10 ng/ml, RD Systems) before the assessment of their CFSE-determined proliferation status. Cells were stained with CD3-AF700 (BD Biosciences) and fixed in 1% paraformaldehyde (Leiden University Medical Center pharmacy). Analyses were performed with a FACS Fortessa flow cytometer and FlowJo software (Tree Star).
In situ immune cell proliferation Fluorescence immunohistochemistry on FFPE CRC sections was used to investigate the tumor center, invasive margin, and lymphoid islets. Functional analysis and predictions with ClueGO/CluePedia Experimental and in silico data were integrated with ClueGO (27) and CluePedia (26) plug-ins of Cytoscape (32) . ClueGO functional analyses were performed. CluePedia was used to predict genes associated to cytokines and miRNA-target gene pairs on the basis of STRING (33) and miRWalk (30) information, respectively. Correlations between IL15 and Affymetrix tested genes were calculated with CluePedia. The top 10 predicted and top 10 correlating genes (r > 0.6) were included in the network together with the top 10 scored miRNAs. The Organic algorithm that determines the node positions on the basis of their connectivity was used for laying out the network.
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